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(54) ORGANIC ELECTROLUMINESCENT ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent element which 
has high luminescent intensity even if a driving voltage is low, and excellent durability 
while allowing high luminous energy to be extracted from it. 

SOLUTION: This element 104 is composed by providing a structure wherein at least a 
positive electrode layer 10, a positive hole injection layer 12, an organic luminescent 
layer 14 and a negative electrode layer 16 are sequentially laminated In this case, the 
positive hole injection layer 12 is formed of an n-type inorganic semiconductor material, 
and when it is assumed that the Fermi energy of the positive hole injection layer 1 2 is D 
h and the Fermi energy of the positive electrode layer 10 is D a, the relationship of 0 h> 
D a. should be satisfied, and the value of the absorption coefficient of the n-type 
inorganic semiconductor material should be set to 1 x 104 cm-1 or less. 
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0^L<. 1 0'-2 0 0 nm<DffiHrt<0fii<b'r^©3&sj: 
^CC. *WK!i^c^?g. J:?)ft»e^JCj^. *aia^^i 0 

[0 05 8] i^mm) -15. f±^RimcD 
/J^^O (^Jx.t^. 4. 0eV*ilS) S»« 

UC^o 3ai$95^Cii. r)i^^:^^J^. 
y^^A. y^-^^A. :f hy'::;^. -fei^^^A. |g^<Dia 

&ti>&5. 1 0— 1 0 0 0 n mCDlSffll^OfaiT'^^D/iJ^^ 
S0<. 1 0-2 0 Onm<Dffifflrt©ffi<b"r^©^U^ 

[0 05 9] ( 4 ) -^(^^ffe 

y^^y u-h. ji<y-f s h\ ^y^x'jT. ^yf-h^ 
7;b^px^u>, ;j<y >7PP h y :7;i/:tpx^u>, 
3i^y t^^pa^r7;i/:tn:£^^u>^fc5^^cip v^)y>v 

:t a X ^ U > i ^ P P >^ ; u :t a X ^ U > <b CD 

^ ; ®iR^ 1 %iU±<Z>ffii*tt®S ; 0 . 1 %Wf 
(Dmunmn \ in. Sn. Pb. Au, Cu. Aff. 

Ai. Ti, N i^<D#jS ; MgO, S i O. Si 
Oa. GeO. NiO» C a O, BaO, Fe^O. 

O3, T io^mo^mm\m\Ms¥^. lif, ai 

F3. CaF,l^(^)^IS::7->'<fcJ^; >'^'-:7;U:j-PT>fU:^ 
>. A--:7;U:^pr /^•-:7;U:tP^^'yx-r;l/^ 

[0 06 0] ^/c. mitMommc^c'oXkt. m^m 
mi£. xfc->3-hav a?y>^s. 

fife. MBE S, ^-7:^^--^':^ 

>}^-AmMi£. ^:tyy*iy-y^^>^'&. y'^X-7m 

y^••;.^y>^?^ft. :/^XvCVDfiE. U--tf--CVD 

mcvum. tf::^y-:^CVD^^mMUmt^ 

[006 1 ] [m2<Dmmjf^m] ^Xdc. ms^^wL 
X. c(Dmm(om2(Dmmmm^-:>^>xmmir:B. us 



15 

mr-ik^) . ^eji 1 0 . EtiaAn i 2 . ^^i^m 1 
4 , m^ttAm 1 5 j:oms® 1 e ?riisy^K:aM i//^c 

1 6 iWIS^TfeS 1 4 iOPflfC. S^^i^B 

[006 2] ( 1 ) s^^si:*; 

1. 8~3. 6 e V®®ffirt©«ii-r-5>CiA^'StSl/ 

3&si%^L^-r< tji^M. w^^*®^m^aAS©w 

AMCOf&^mmtJ'S:. 1. 9-3. OeV©liHl*i©tt 

iT-SCidUDWS L< , 2. 0-2. 5eV©®H 

[006 3] S/c, m^=-ffiAHi#*S^at©m-i^« 

?a:'5©M>l:l. 2 e V«T®{iii-r^Ci/55*fSL.< , 
0. 5 e VyT©flli-r-5C:i*5j:0^Sbl,i„ C©« 

■iHa*fl:^©aj!>i'h3 t,.(ii\ m^aA®*^6wit^@ 

[0 064] (2) i^^U+'-^'i- i-:^ 

ll2j|JSJ&g8«:*jt:f^,s^=-aAJl©i*;u+*-+' 
■f (ys^ K+'-f y :7-x4^Jb+--) ^2 . 5 e V«± 
<Dmfri>Cti!At^iL< . 2. 7 e VI^±©|li-rS 

©IB?:ff^ffl«±. 09x^*2. 7 eVJiiii;*:^ < 
[0 06 5] (3) «fiSttl4 

C i {c J: 0 . m%i)^ h ©S^aAtt-^W;JvttK: d: 0 S 
yrv-;l'. *-2)l»Wcn6©^^(*. 8 — t 

^^*5^i-fi=,n^, m^^ttA)i=&^«f^Jte^{t 
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m-?ttAS*5.5ei^»-?>4^^{*T«$nrun 

\t. SSS©'J-i'^W^«:P;5±Lr. S-i^aA14^r^± 

ti')-i^t}}\'-=i¥ir^ Y H2u>ft 

10 it. m'r&.Xm^^S tbiC\^±Si±6C tifir:^i>!^X'0 

Kitrji. PRi*. LijO. LiO. Na,S. Na 
, S eteiy^N a O^^Wf^ia, bliT>'U* >;±ffl 
#JS*;l^3y:^-Y Ki Lr«. m^it. CaO. Ba 
O. SrO. BeO. BaS> M g OfcJ:0'C a S e *5 
Weti^o S/c, <^fSL/l.^r;^*';^s©/^o■>••>^t 
i^iU-Ct*. PJA«. CsF. LiF, NaF. KF. 
L i C 1 . KC 1 *s J:Cf N a C 1 ^*iW6nS. * 

20 «. CaFj . BaF,. SrF,. MgF,fc 

?:«fi£T€.*«S!i*<!: UrtJ. Ba> Ca, Sr> Yb> 

Al. Ga. In, Li, Na, Cd, Mg, Si. T 
a , S b tecfcy Z n®ii>;^f < i fe— o©7c«^^tJ'^(b 

■rsis«^b^«, m*SB^*fc»#H^®©*e«iH4^ig-c 
30 s>^ctf}i0$UK mT-&xm-A^cne><Dimmim 

fc, i?;^ h^©iii^i^R|^i^iJ>$-i±^c 

-y:*--/ F, T;^*'J#BI©>'^P-^'>^b!t35*5<fcC?r-»^/7U 
±ffl#Jl©>'M3 -y^fb^di^tf 6n-2). 
[0066] ( 4 ) 

y^tc. m^^aAJl©^«®cco(,^rSiwrs. 

^$A)l©^«j*^^^$c^:flJEI$n•^!>45©■c^^^t< . Wxsi, 

®*3i-c*orfeA(,i. Sit. n^&.xs<r>mm.ic-o\.'> 

X^mt^mm^ini>h<OXittjH,^ifi. mtfO. Inm 
~ 1 0 0 0 nm©®fflF*3©liii-r'5©3!)SSf $ Lt^. C© 
m^aA)l©PJl*^0. 1 nni^iliJtc^xt. 

00 Onm^fix-^iiSSSSfiiiJ&O. L«-f<OilS 

so /S^rO. 5-1 OOnm©liffll^©ffl<!:t"-2>©*iJ:0<!f 
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[0 067 ] ( 5 ) 

mm t L.rff$EtS;i±i*n«ltKtiM ^n^h <D-c»i&c^ 
[0068 ] [^3 (D'mmmm'i '^Xic, m 4 ^#ml. 

«, IgS cDlliiB!^.5C*JW ?>mmE LIR-^ 1 0 4 ©K® 
S-C*'3 . ^® 1 0 , iE?LaAB 1 2 . iE?Llft^li 1 

3 , mm^mytm 1 4 . s^^aji 1 5 *5j:iiKFtffi)i 1 e 

[006 9] tjiis. m 3 ©*)®0-®©W«IE L^^ 1 0 
4 a. iE?L?iAJl 1 2 iWrn^it® 1 4 icD^JC. iE?L 

3*sw-c*s*^:^i.^-c!i. m2<Dmmm 20 

oynmE 1 0 2 ipl— C)^i®^WbTl»^>. btc 

fd:g|5^-e«.SIE?Lttil)il 3iC'^i,>X<D'b(DV$>K). t 

fl<3iC/ii»]?5:^gS i T C £ *5t:^ # 
[0070] ( 1 ) » 

*Jl-7y =!> (a-Si),a-SiC. v-Ci- 

Di7 ';xd?;l''>';r3> (mC- S i ) . MC-SiC. 

iCit, A 1 ,0., S i O. S i O. (I Sx^2) , G 
aN. InN. GalnN> GeO,> GeO. (1^x 40 
^2)> LiF. SrO. CaO. BaO. MgF,> 
CaF,. MgF,. S i N. (1 Sx^4/3) m<D- 

[007 1 ] ( 2 ) 

iE7L^^ia», -s«jiK:®?>-r. =.m 

^iiO. 5 nm-5 Mm(D$EHrt©tii-r-5)<D*iS?i5U 
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[0 07 2] [»4 (Ommmi 'XiC, ^§m<D^A <D 

[0 07 3] s/c. ii4®ieii6?^mi. M—u^'^n^im 

-r.2>«^ELfS^^*sf#?>ti^C<b3&>6. ii>fe<i*>iE?L 
aAS i ^t^T^ i fcl5l-A^^fr-Cff^E£-r 

■cii. ;^ 5! y > i^'S^HJte-r i JC^^^S 

t.. ll4CDllifeJf$®tcfcti-r». — ocDK^^irtic, X 

[0074] m4(Dmmi^<omm.micj;:init. new: 



iE?LffiAB : 

m-?-aAJi : 

[0 0 7 5] CC-C. JEtLfiAS'Sr^JS^^i'^^ 

f$flfj«:. Ipiph^-^'^ W^ta:. IniOa. Zn 
O, I n^Oa (ZnO) . (m«. 2-20) a 

K-fbS^- BS-fb^^i^^. K^b^-5:^i^'^^. ^^ti? 
>5'Xf->. M-fb-f t7 l-y^A, S{^bs;'JU=J^'i;A, » 
fb^U^f^^s ^'fb-'^f■^•?A. ^fb-Y 'Jv'OA, mil 



(H) 



39 



iC. \n,0,. ZnO. I n,03 (Z nO) . (m«. 

2-20) ^m^^tcm-^icit. mmt^^mm^^^^L 

r . I n 4 Z n ©j^.^Jt [ I n / ( I n + Z n ) ] ^ 

0. 2-0. 8 5©fiHl^©ffl<i:-rS©*5.«f$LCi. 

V V um'^m (ftit-S) (rSS : 0 . 0 1 - 1 0 m o 1 

tcik. (sss 0 0 - 1 2 0 0 'c. B$r^ 1 - 1 0 0 lo 
mm) 1/3 mm (h i pgmm) cxmf^tifth 

[0077] 

( 1 ) Lm^<Dim 

mmm i ©w«e h 3 (Dmmmm.icisi'tim 

©W«EL3gT-^Mi»-r-5>«:*/cr>-r». ST. PJl 

1. Imm. Sf2 5mni, It? 5 mm©jSHJ)5:Ai7;^S 20 
fehtc. WffiSiOr. I TO (4>. = 5. 0 eV) *> 

6^sS)gil7 5 nm®SHjm@M*f5^.L;^c. IHT. C 

©**7;^Sfiz<hl®Sa)l<!:*flf-sra«i-r5. i^i^-c. 
c ©S«* V f JbT .'I' 3 - ;u-cess?8fei* 1/ . § 
N: UV 

[0 07 8] ;xt.^r% SS€. ffiiUjgx-'N- v ii')>ifm 
g*s J: C/X^«iia«:*jW ^»^tffi©*^«®««.-l^ 

(JM^J:b*=0. 6 5/0. 2 5/0. 1. IniZn 
<Omi-t]: [ I n / ( I n + Z n ) ] = 0 . 7 2 ) 

aiAL-. X3gS^3x 1 0-^PaCCiB^Lfc„ *©f^. 

ta;'3 10 ow. mm-^mmu ( 2 5-0 <d^^x-:^^^^^ 
^>j>i^b, mmeonm mmmi) . mmz onm 
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7nni (mmm4) (DjEnrtxm^'tti-^tiBfS.i'tc. 

C6. 3 5 0 0 cm-'r-*o/c. 

[0 07 9] ^Xt^r-, ®iR^^iiISbfcSffii«^^c 

M^fsmicemufa^. *^®3x i o-'Pa©^ff 
•c> lEKmmm^ux:, n. n' -:f7 5='.ib-N, n' 

— ;U-4, 4' -•^>-:>>^> ( NP D) ?r2 0 n 
r. ^«©m^«F«3«:-C. W«I%3I£®-C*S6 0 nm© 

PJ15rWr-5 h (8-t Kn+5>=^^y'; r 
^us-'i/A (A 1 q) =tM^mL. ^Bicm^&.xm 

iLT, 0. 5 nmO^iifeSJc^tCL i ,0*XS 

mmu. mk(>c. mmmtLx. i50nm©^;s-cT 

[0 080] ( 2 ) W^E L^^©i¥« 
5r-7-f:^;j; (-) |ig@®?::?"^X ( + ) 0 

r. Pimffip^ic 1 0 v©itij£mEE*-en-e4aEntt]L;fc. 
c©<!:#©msKiEa:. ^»afe<fcDf^^^*»j«o 

CCIS^L, WXg^T^a^ 1000c d/cm'iL 
/c. f|l6nfc,Mm^^l*}J:0'|15K:;^f , H5«. W 
««:iE?LaAe©SW (nm) *S-^-C7j^l/-C*f) . ^ 

Wtc.%7fe0ffi (cd/cm') *iS-orn^L.r&-2>. 0 

6n/cW^E LS^©i%7fefe»#feT*-5C i^rffiiSb 

[0 08 1 ] 
[« 1 ] 
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mmmz 






mmm 


ITO 
5-0 
75 


ITO 
5-0 
75 


ITO 

5.0 
75 


ITO 
5.0 
75 


S >!k I M 

mmirmd 


mit in/ 
il^b Zn/ 
H^b Ru 

5- 5 
60 

3500 


mit In/ 
m-it Zn/ 

5. 5 
20 
35<»> 


Hit in/ 
Hit Zn/ 

5.5 

e 

3500 


m<t In/ 
mit Zn/ 

5.5 
0.7 
3500 


mm 


NPD 
20 


NPD 
20 


NPD 
20 


NPD 
20 




Alq 


Alu 


Alq 


Alq 


m=f^&xm 


Li,0 


LijO 


Li^O 


LI^O 




100 


120 


150 


250 


Cc<i/i*Z) 


3000 


3000 


3500 


5000 




1000 


1200 


1500 


1900 
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[008 2] * )l<[^2] 







mmme 


itmm^ 


itH#i2 


mmm 
mm 

mm^inmi 


ITO 
5.0 
75 


ITO 

5.0 
75 


ITO 
5.0 
75 


ITO 
5.0 
75 


^En^^^m 
mm 

Sff (nm) 


mit In/ 
Ittlb Zn/ 

mit Ho 

5.3 

a 

2506 


mit In/ 
«4b Zn/ 
He Ir 

5. 5 
0. 7 
3674 


He In/ 
He Zn/ 

He T» 

4.8 
20 
2400 


(O^x^Sil) 

5, 0-5. 2 
20 
4000 




NPD 
20 


NPD 
20 


NPD 
20 


NPD 

20 




Alq 


Aiq 


Afq 


Alq 


m^F^xm 


Li,0 


Li,D 


Li^O 


U,0 


mnmm 

(iiiA/cm2) 


150 


250 


10 


500 


(od/nfl) 


3S00 


5000 


100 


1000 


CHrs) 


1500 


l«)0 


50 


300 



[008 3] Lmmm 5 ] mmm i ocfcw ^.jEfiaAii 

a^f^x. aj??r«< niiii^i ii^mccw 

^EL^^-^fp^b-c. ^lit-fc, mimi^. mit^> 

i?'i7A/®{tffiiS/M-ffc*'J-?'^> <tt*=0. 6 5/ 
0. 25/0. K <t.= 5. 3 e v) A>6)^C^MJS8 



[0084] [USStW 6 ] mnm l iOsi-f ^ JEtLSAll 

■Y>yi'A/^{fcffilS/®<b'(' 'Ji^-fA (J:b^=0. 6 
50 8/0. 2 7/0. 0 5> 4>k=5. 5 e v ) 3!)>6^C-2. 



mmo. 7 n m(D]EiUixm^m-tfc. mibtifcmm^ 
[008 51 [ itmm 1 ] mmm i ccfcw -siEtLaAs 

iS/KYk^li-^A {J:b^=0. 6 5/0. 2 5/0. 
1 . *„ = 4. 8 e V ) »6ti;^i^m€:*2 

[008 6] [lteW2 ] JlJgf^ 1 iC*Jl-t.S n^ili^tt 

mi tmmic^^ELM^'kii^is.iy-c. mmLtc. Mi^ 

WCC«. ECR^5XTCVDfeK:j:t5, Si,-.C 
. ( 0 ^xS 1 ) *i6iS-SKJ12 0 n mCOiEliaAJl* 

[0 08 7] 

E*il 0 V^<i:fi< <b4>. 3 0 00 c d/cm*|y± 

CDi^t-^^7te*ia*if#6 L/*> ^>^«^/!>^' 1 0 0 0 B# 

[ 0 0 8 8 ] 2^i%W©WiaE L^^^©«^:^«:* 



(13) #132 00 0-2 2 3 2 76 
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V^-e*-5T«>. 3 00 0cd/cin'ti±©m^^ 

7ic»gA5ff6n, uA:>4>^2^^*n 0 0 0B#p^fe(±© 
10 -c*^. 

[02] nS*^»:*^^^©7*^^5x:}^J^+--B{|^?:i» 

[S3] m2<DmmmBici6i-}^^mELm^<Dmmm 

[0 4] |g3®3l;teJi5SiK:*5W.swt8EL^^^©»fEa 

[0 5] iE?LaAil®l«Jli. ^7t»S<!:CDM(^;S:,T^-r 
[W-^CDUi?^] 

20 1 0 m^m 

1 2 jETLSEAJl 
1 3 iE?L^d^Jl 

14 mm^m 

1 5 m^iiA® 

1 6 mmm 

2 0 M^Ktt^s (:f}^^mm) 

3 0 s« 

10 0> 102> 104 ^WtELM^ 



mi] 



100 : W«EL3R^- 

T 




[03 ] 
102 : ^«EL*-? 




16 : ^mm 
14 : mmm^m 

12 : jE?l^AM 
10 : ttffiiS 



(14) 



2000-223276 



[04] 





' 3 


I 3 


f 




ITO 










Ac 




t 










f 











104 : mm^L^^ 




(b) 



ITO 


n 






Ac _ 




He 


c 




i 








r 

I 







ecxx) 

- 5000 
E 

\ 40)0 
1^000 
K 2000 
« 1000 



0 10 20 30 40 50 60 70 



#532 00 0-2 23 2 7 6 



F — A (#^) 3K007 ABOO AB02 AB03 AB06 AB13 
BBOl CAOl CBOl CAOO DB03 
EBOO EB05 ECOO FAOl FA03 
4K029 AA09 BA03 BA43 BA50 BC07 
BDOO CAOl CA05 D806 0C05 
DC35 



J 



